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ABSTRACT: 

PURPOSE: To obtain an electromagnetic induction heating device of a high 
efficiency having less troubles of higher harmonics by connecting a secondary 
coil of a reactor inserted on the side of an AC power source serially with a 
second resonance capacitor and a second load coil for causing a serial 
resonance, and heating a subject matter auxiliarily by this resonance current. 

CONSTITUTION: AC reactors 21-23, each having two coils, are engaged with 
three input lines 18-20 at a three-phase power source 12, and coils 25-27 for 
one side are formed at the three input lines 18-20, while three coils 28-30 for 
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the other side are serially connected with a second resonance capacitor 3 1 , a 
regulating inductor 32 and a second load coil 33. The second resonance 
capacitor 3 1 makes a serial resonance with the second load coil 33, and a 
subject matter is auxiliarily heated by this resonance current. A higher 
harmonic current can thus be eliminated by a resonance circuit including the AC 
reactors each having two coils and the second load coil, and the higher 
harmonic current can be used effectively for auxiliary heating. 
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Claim 

A type of electromagnetic induction heating device characterized by the following facts: 
in the electromagnetic induction heating device, AC power is rectified to obtain a DC current, 
and the DC cuiTent is converted to an RF current by means of an inverter to make a load coil 
resonate; in this electromagnetic induction heating device, a reactor having a secondary winding 
is inserted in the AC power source side, a second resonant capacitor and a second load coil are 
connected in series to the secondary winding of said reactor to perform series resonance; and, by 
means of the resonant current, the workpiece for heating is heated in an auxiliary way. 
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Detailed explanation of the invention 
Industrial application field 

The present invention pertains to a type of electromagnetic induction heating device for 
heating a metal rod for forging or another workpiece with RF. 

Prior art 

In the prior art described in Japanese Kokai Patent Application No. Sho 62[1987]-122089, 
as shown in Figure 3, the AC current input to 3-phase power source (A) is rectified with 3-phase 
full-wave rectifier (B), and then the rectified current is smoothened with smoothing capacitor (C) 
to have a DC current. Then, the current is converted to an RF current as it flows in an inverter 
element with plural transistors (D), (D). . . connected in parallel and in resonant capacitor (C) as a 
balancer. Then, the obtained RF current is applied on load coil (F) to generate resonance, and, by 
means of the electromagnetic induction function, the workpiece as a magnetic member in load 
coil (F) is heated. 

Problems to be solved by the invention 

However, in said power conversion device, when rectifying is performed to obtain a DC 
current from the AC current input to 3-phase power source (A), a charging current fknvs in 
capacitor (C). Consequently, the line currents of the various lines of 3-phase AC power source 
(A) usually become the distorted waveforms shown in Figure 4. Such waveforms differ from the 
sinusoidal wave, and they have plural harmonics superimposed on a fundamental sinusoidal 
wave (such as 50 Hz, 60 Hz). As RF current flows in the lines of said 3-phase AC power source 
(A), due to the impedance of the power source system, voltage fall; that is, minute variation in 
the voltage due to the harmonics may cause trouble for the power source. 

The purpose of the present invention is to solve the aforementioned problems of the prior 
art by providing a method in which no harmonic current flows on the power source side, and the 
harmonic current generated in the power conversion device can be used effectively in electric 
heating. 

Means to solve the problems 

In order to realize the aforementioned purpose, the present invention provides a type of 
electromagnetic induction heating device characterized by the following facts: in the 
electromagnetic induction heating device, AC power is rectified to obtain a DC current, and the 
DC current is converted to an RF current by means of an inverter to make a load coil resonate; in 
this electromagnetic induction heating device, a reactor having a secondary winding hi inserted in 
the AC power source side; a second resonant capacitor and a second load coil are connected in 
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series to the secondary winding of said reactor to perform series resonance; and, by means of the 
resonant current, the workpiece for heating is heated in an auxiliary way. 

Operation 

According to the present invention, because the RF current component generated due to 
conversion from the 3 -phase AC power source to the DC current flows in the resonant circuit of 
the second load coil, no RF current flows on the power source side, and, due to the 
electromagnetic induction function of the ampere-turn magnetomotive force of the current 
flowing in the second load coil, the workpiece in the coil is heated. 

Application examples 

Power converter (11) shown in Figure 1 has rectifier (13) and smoothing capacitor (14) 
for rectifying the AC current input from 3-phase AC power source (12) to a DC current, and it 
also has plural transistors (1 5), (15). ... as inverter elements for converting the DC current to an 
RF current. Also, resonant capacitor (16) and first load coil (17) are connected, and the 
workpiece is heated with said first load coil (17). 

On the other hand, AC reactors (21), (22), (23) each having two windings are coupled to 
three input lines (18), (19), (20) in said 3-phase AC power source (12); one-side windings (25), 
(26), (27) are formed on said three input lines (18), (19), (20); and, at the same time, three 
windings (28), (29), (30) on the other side are connected in series to second resonant capacitor 
(31), adjusting inductor (32), and second load coil (33), with said first load coil (HJmd second 
load coil (33) coaxially wound. Also, said second resonant capacitor (31) performs series 
resonance with second load coil (33), and inductor (32) is for adjusting said resonance frequency. 

However, when said electromagnetic induction heating device works, as explained in the 
above, harmonic current flows in input lines (18), (19), (20) of the 3-phase AC power source. 
Said harmonic current usually contains strong 3 rd , 5 th , and 7 th harmonics. Here, explanation will 
be made on the case of elimination of the 3 rd harmonic. By selecting the resonance frequency of 
resonant capacitor (31) and the inductance of 2 nd load coil (33) as well as inductor (32) at the 3 r 
harmonic, a current corresponding to said frequency flows in the circuit of 2 nd load coil (33), and 
the 3 rd harmonic does not flow in the power source system The 3 rd harmonic current flowing in 
2 nd load coil (33) generates an AC magnetic field, and the workpiece is heated in an auxiliary 
way in 2 nd load coil (33), and, together with 1 st load coil (17), the heating operation is performed. 

Also, windings (28), (29), (30) on the other side of the AC reactor perform the 
conventional reactor function; they work to suppress the overall harmonic current. 

Figure 2 is a diagram illustrating another application example. The internal structure of 
power converter (41) is entirely the same as power converter (1 1) shown in Figure 1. As power is 
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input through 3-phase AC power source (42) into said power converter (41), the converted RF 
current is sent via resonant capacitor (43) to first load coil (44). This is the same as that 
explained with reference to Figure 1 . This application example differs from that shown in Figure 
1 in that secondary coils (48), (49), (50) of reactors (45), (46), (47) insulated on the 3-phase AC 
power source side are independent from each other, and the reactors are connected via individual 
circuits (51), (52), (53) to three second load coils (54), (55), (56), respectively. At the same time, 
resonant capacitors (57), (58), (59) and inductors (60), (61), (62) are set in said circuits, 
respectively. 

Figure 1 illustrates Application Example 1 in which three second windings of the reactors 
are connected in series to remove the 3 rd harmonic because the 3 rd harmonic is in phase for the 
various phase. On the other hand, in the scheme shown in Figure 2, secondary windings (48), 
(49), (50) of reactors (45), (46), (47) are used independently so as to make resonance for any 
harmonic order. The operation principle and function are the same as those of Figure 1. By using 
this electric circuit, it is possible to remove any harmonic order, and, at the same time, the 
current can be used effectively as the energy in dielectric heating. 



Effects 

According to the present invention, the harmonic current on the power source side is 
removed by means of a resonant circuit containing an AC reactor having two windings and a 
second load coil, and, at the same time, the harmonic current can be used effectively for auxiliary 
heating. Consequently, it provides a type of electromagnetic induction heating device with no 
harmonic problem and with a high efficiency. 

Brief description of the figures 

Figure 1 is a diagram illustrating the electric circuit in an application example of the 
present invention. Figure 2 is a diagram illustrating another application example. Figure 3 is a 
diagram illustrating the electric circuit of a power converter as the dielectric heating power 
source in the prior art. Figure 4 is a diagram illustrating the phenomenon that takes place in said 
figure. 



1 1 Power converter 

12 3-phase AC power source 

13 Rectifier 

14 Smoothing capacitor 

15 Transistor 

16 Resonant capacitor 
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17 First load coil 

18, 19,20 Input line 

21,22,23 AC reactor 

25, 26, 27, 28, 29, 30 Winding 
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33 

45, 46, 47 
48, 49, 50 
54, 55, 56 
57, 58, 59 
60, 61, 62 



Second resonant capacitor 

Second load coil 

AC reactor 

Winding 

Second load coil 

Second resonant capacitor 

Inductor for adjustment 
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Figure 1 





Figure 2 
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Figure 3 
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